In order to create proper conditions to make projects successful, a growing number of organizations are taking up the practice of assessing Project Management Maturity (PMM).
Introduction
The assessment of Project Management Maturity (PMM) is a growing several models for this purpose. In general, PMM is an organizational condition that allows successful projects. Project Management Maturity (PMM) is a measure of the competence of company's project managers. But, company's PMM can be affected by its working environment, and by the alignment between projects and company's results (Hartman and Skulmoski, 2000) . According to Kerzner (2009) , PMM is the implementation of a standard methodology and accompanying processes such that there is a high likelihood of repeated success.
Expert System as a tool to deal with model's subjectivity and to check the consistency of survey's responses. Methodological approaches of previous Project Management Maturity researches only included trivial statistical analysis and usually show less the usage of intelligent techniques, as Fuzzy Sets and Expert Systems, in the Project Management Maturity analysis. This paper reports results of a survey based on the Kerzner Maturity model and performed in Brazilian companies. The survey was supported by the Project model proposed by Kerzner (2001) , a website was developed for the survey. At the end of 2009, project managers registered at the PMI's Sao Paulo Chapter were contacted. the questions of the survey. That is 7% of the total invited. One reason for the low experience in Project Management (PM). So, they did not have consolidated interest and enough knowledge in PMM to take part of the survey. However, according to Hair et al. (2009) , this sample size can be accepted.
to 5 (highest) and they are represented as steps of a ladder, as will be presented in model's starting level. This result is even worst when comparing to another survey, made almost 10 years before in Northern California (Ibbs and Kwak, 2000) . The PMM for those companies averaged 3.26, also in a scale from 1 to 5.
In the Brazilian Survey some answers were inconsistent with the PMM model. That is, for instance, one company reached Level 4 of PMM, but, surprisingly it did not satisfy Level 3 requirements. The concept of inconsistency of PMM is also discussed in Section 2. To deal with inconsistent answers, a Fuzzy Expert System was developed and is showed in Section 3.
The work was organized to show in Section 2 the theoretical background of PMM models. In Section 3 a Fuzzy Expert System to be applied in the analysis of the PMM. In Section 4 the Fuzzy Expert System application using the data collected from the survey. And, in Section 5 conclusions and discussions.
According to Hayes (2007) and Brookes and Clark (2009) , the concepts of the PMM assessment models were originated from the fundamentals of total quality due to the direct relation to continuous improvement. The models are generally based corresponds to a PMM stage to be reached by the organization. The PMM models have been applied recently in the organizations and developed by several authors and companies (Ibbs and Kwak, 2000; Hillson, 2003; Sawaya and Trapanese, 2004) , and many of the existing PMM models are limited in scope and have been designed only to categorize the current behavior of the organization (Andersen and Jessen, 2003) .
in the market motivated by US$ 145 billion annual losses due failures in software development and new products projects delivery time accomplishments (Paulk et al., 1993; Chrissis et al., 2006) . As reported by Jiang et al. (2004) , the PMM assessment is an initiative driven by the need to achieve successful projects. The measurement of PMM often looks more subjective than objective because the focus is primarily on activities related to organizational structure, people, project teams, policies, procedures, tools and quality attributes. There are three general possible dimensions for PMM concept analysis: the actions (skills to act and decide), the behaviors or attitudes (desire to be involved) and knowledge (understanding the impacts of the relationship between attitudes and actions). The resultant dimension in the business environment usually From the 1990's, several PMM models has been developed. From the Capability Maturity Model which one has been continuously improved and updated. Nowadays, it is referred as the Capability Maturity Model Integration (CMMI). As most Level, Managed Level, and Optimizing Level (Chrissis et al., 2006) . According to Kerzner (2009) , the Maturity model is part of the pursuit of excellence in Project Management. The Kerzner PMM Model was selected to perform the survey for this study. This model was chosen once it is aligned to CMMI, authored by highly credible, highly applied in PM, public, high likelihood of good response rate to a survey, questionnaire with the least number of questions when compared with other similar existing models, uses the 9 PM knowledge areas in accordance with the PMBOK required by organizations. Kerzner's Project Management Maturity Model (KPMMM, Management Acceptance, Growth, and Maturity. CMMI and KPMMM have other important similarities. Both of them are very popular in the professional environment, and they have authors of good credibility and reputation. But, the greatest similarity between CMMI and KPMMM is that the main framework of both models looks like a stair, as presented in Figure 1 .
Every level of PMM is a stair step. The meaning of the stair steps is that this level, and also the requirements to previous level. So, for instance, if a company PMM models use questionnaires. A great advantage of KPMMM is that its questionnaire has only 20 questions. The model proposed by Ibbs and Kwak (2000) , for instance, has PMM, but, in random order, as presented and grouped as shown in Table 1. For instance, KPMMM's Question 1 is "My company recognizes the need for project management. This need is recognized at all levels of management, including senior management" (Kerzner, 2003) . The respondent of KPMMM's questionnaire must choose an answer from the scale presented in Table 2 . With +3 points in all four questions, the 3 maximum per level of PMM is equal to +12 points. Based on this, of 1 to 5 (Likert, 1932) , or 1 to 9 (Saaty, 1977) . The lower limit of +6 points to consider to deal with situations of inconsistency in the PMM, a Fuzzy Expert System was developed, as presented in Section 3.
Fuzzy Expert System
As observed by Kerzner (2009) , certain levels of PMM do overlaps. The PMM evolution is not always sequential. Companies can be working on more than one levels of PMM, at the same time. For example, a company can make some efforts in project management satisfying Level 2 requirements, while many Level 1 requirements may score +6 points to Level 1, and +5 points to Level 2. These scores result in a it will be explained in this section, it seems that Fuzzy Sets Theory can help companies to better understand their actual PMM.
The Fuzzy Sets Theory, proposed by Zadeh (1965) , has provided excellent tools to deal with ambiguity or vagueness (Yen, 1999) . In classical sets theory, elements either belong to a set, or not. In Fuzzy Sets Theory, elements can belong to a set with a certain degree (Bobillo et al., 2009 ). This degree is more formally referred as (Kerzner, 2001 (Kerzner, , 2003 2. My company has a system in place to manage both cost and schedule. The project management maturity questionnaire system requires charge numbers and cost account codes. The system reports variances from planned targets.
that are possible from implementing project recognized at all levels of management, including senior management.
4. My company (or division) has a wellusing life cycle phases.
5. Our executives visibly support project management through executive presentations, correspondence, and by occasionally attending 6. My company is committed to quality up-front planning. We try to do the best we can at planning.
7. Our lower and middle-level line managers totally and visibly support the project management process.
8. My company is doing everything possible to minimize "creeping" scope (i.e., scope changes) on our projects.
9. Our line managers are committed not only to project management, but also to the promises made to project managers for deliverables.
10. The executives in my organization have a good understanding of the principles of project management.
11. My company has selected one or more project management software packages to be used as the project tracking system. 12. Our lower and middle-level line managers have been trained and educated in project management.
13. Our executives both understand project sponsorship and serve as project sponsors on selected projects.
14. Our executives have recognized or management to various parts of our business.
15 .My company has successfully integrated cost and schedule control together for both managing projects and reporting status.
16. My company has developed a project management curriculum (i.e., more than one or two courses) to enhance the project management skills of our employees.
17. Our executives have recognized what must be done in order to achieve maturity in project management.
18. My company views and treats project management as a profession rather than a part-time assignment.
19. Our lower and middle-level line managers are willing to release their employees for project management training. A Fuzzy Expert System consists of a database of facts and a database of rules (Yen, 1999) . One of the most popular Expert Systems is the Mamdani Model (Bobillo et al., 2009) These propositions must be established by experts. For every clause in the rule, the matching degree, A(x), between the current value for the variable and a linguistic label must be computed. The clauses are aggregated, using the Minimum Fuzzy Operator. If more than one rule implies in the same result, the rules are aggregated, using the Maximum Fuzzy Operator. The overall matching degree can be obtained, also using the Minimum Fuzzy Operator. This degree is referred as alpha-cut, or -cut (Bertoluzza et al., 2001) . The -cut level will generate a new Fuzzy Set, with a Trapezoidal Membership Function, as presented in Figure 3 . A real number may be obtained from the Centroid of Gravity (COG) of the resulting Fuzzy Set, within a KPMMM adopts the score of +6 as the lower limit to consider level TFS are proposed: No Pass, (-12, -12, +8) , and Pass, (+4, +12, +12), as presented in Figure 4 . These TFS will be used in the Fuzzy Expert System for every level of PMM.
Another subject that an Expert System can deal is the situation of inconsistency obtained by the response to KPMMM's questionnaire. Table 3 presents 32 rules developed for every possible situation. That is, a response according to Rule 2 must be considered as Inconsistent Table 2 . Answers and Scores to KPMMM´s questionnaire (Kerzner, 2003) . The membership values for every level of PMM must be aggregated. With the Minimum Fuzzy Operator, the -cut will be obtained. Two TFS are proposed: Consistent (0.6, 1, 1), and Inconsistent (0, 0, 0.6), as presented in Figure 5 . This way, 60% is proposed as a lower limit for a consistent response. Figure 6 presents the inputs and outputs of the Fuzzy Expert System developed to KPMMM. The answers from a project manager to KPPMM's questionnaire presented an illustrative example of the Fuzzy Expert System application. The object is the PMM of Brazilian companies.
A Real Application of the Developed Fuzzy Expert System
At the end of 2009, project managers registered at the PMI's Sao Paulo Chapter were contacted. They were invited to make part of a survey on the PMM of Brazilian companies. Based on KPMMM, a website was developed for the survey. The website was hosted in a server from Federal University of Itajuba. With the association of the survey to these two well known institutions, it was expected a high index of response. Two other procedures were carried out to stimulate the respondents. The participant anonymousness was guaranteed. That is, the participants and their companies survey. Unfortunately, only 101 completed answers to survey were received. As it represents more than 5% for a 1,000 higher population, this sample does have statistical meaning. More important than that, the sample has good distribution, according to various attributes, as it will be following commented. This variation does strength a multivariate data analysis (Hair et al., 2009 ).
On the 101 respondents of the survey, 66 were from service companies, against 35 from manufacturing companies; only 41 were from multinational corporations; 31 were from petrochemical industry, 16 from consulting companies, 15 from metallurgical industry, 14 from information technology and telecommunications companies, and other 25 were from various sectors, including automotive and aerospace industry, and healthcare companies; 57 were from companies with more than 1,000 direct workers, but, 7 were from companies with less than 50 employees.
The responses diverge in their consistency indices. Response 3 has a score greater than +4 for Level 4, and smaller scores for lower levels. So, the consistency index of Response 3 is equal to 0.386, that is, smaller than 0.6. This is an indication for the company that its efforts were not aligned with KPMMM. The company was possibly spending more resources with higher levels requirements, while it did not satisfy lower levels requirements. Table 4 was obtained using the software Matlab®. The 32 possible rules are introduced to the Fuzzy Expert System in the Matlab®, and then the survey results are Set conditions. Table 4 also compares the usual crisp result using the Kerzner model and the results after the application Fuzzy Expert System. Matlab® calculates the consistency based on the Fuzzy System explained in Section 3. 
2 and Level 1 according to KPMMM. This divergence was due to scores equal to +4 or +5 for lower levels than Level 5. The consequence was consistency indices lower than 0.6 for Responses 5 and 6. As the scores for all levels in Responses 7 and 8 are and the Fuzzy Expert System. And their consistency indices are greater than 0.6. The analysis for Responses 5 and 6 is the same for Response 3: satisfaction of higher levels requirements, and no satisfaction of lower levels.
The average consistency index for all 101 respondents is 0.64. In addition, 61% of responses have a consistency index greater than 0.6. This result suggests that most respondents have aligned their efforts with KPMMM. According to KPMMM, alone, Level 1 is the level with more respondents: 47 companies. This is a frustrating result, since it is the starting level of PMM. With the new +4 lower limit, and 66 respondents, according to the Fuzzy Experts Systems there are more companies classified in Level 2 than any other level. This seems to be a more suitable result, since the participation in the survey implies in knowledge and interest to Project Management. That is, the PMM of a company who provides consistent answers to a questionnaire may be classified in level higher than Level 1. To provide a sensitivity analysis, the Fuzzy Sets proposed in Figure 5 were varied. Changing the consistency limit from 0.6 to 0.5, 75% of the responses are consistent. Changing the limit to 0.7, only 54% will remain consistent. So, the consistency limit is an important input from experts when the proposed expert system will be applied.
The respondents were contacted, and informed on the main results, and also the level of PMM obtained from their individual responses, and its respective consistency. Three of them will be further studied with forthcoming case studies.
Conclusions and Discussions
In this paper, a Fuzzy Expert System is proposed to PMM analysis. PMM models have some fuzzy aspects like the overlapping between maturity levels. This way, incorporate the fuzzyness of sets as the satisfaction of level requirements, seemed
The proposed Fuzzy Expert System is very simple to be implemented, even in spreadsheets. It is composed of only 32 rules, and three limits to be provided by experts: the upper no-pass, and the lower pass limits to levels of PMM, and the consistency limit. This Expert System was applied in a survey with Brazilian companies. The analysis of the results with the expert systems seemed to better represent the reality.
after checking the consistency of its PMM classification, is to guide their organizations to an alignment with an established project management theory as the KPMMM. As a future research, case 6 studies are now being conducted with some respondents of the survey. The consistency of their responses will be a major theme in this investigation.
